ABSTRACT: The effects of particle size uniformity and mill type used to grind corn were determined in three experiments. In Exp. 1, 120 pigs (47.8 kg initial SW) were used. Treatments were 1) a 40:60 blend of coarsely rolled (in a roller mill) and finely ground (in a hammermill) corn with a large standard deviation ( (67.3 kg initial BW) were used. Treatments were corn ground to 400 pm in a hammermill and a roller mill fed in meal and pelleted forms. Pigs fed pelleted diets had greater ADG ( P < .003) and gaidfeed ( P < .03) but also had greater incidence of ulcers ( P < .04). Pigs fed roller-milled corn were more efficient ( P < .05) and had a lower incidence of ulcers ( P < .04), but diets with hammermilled corn had lower sm and greater apparent digestibilities of nutrients ( P < .02).
Introduction
Much attention has been given t o the positive effects of reducing mean particle size of cereal grains for nursery pigs (Ohh et al., 1983; Healy et al., 1994) , finishing pigs (Ivan et al., 1974; Owsley et al., 1981; Giesemann et al., 1990) , and lactating sows (Wondra et al., 1995c,d) . Most researchers would agree that reducing mean particle size of cereal grains to 5 600 pm results in marked improvements in nutrient J. Anim. Sci. 1995 . 73:2564 -2573 digestibility and efficiency of growth. However, experiments to date have been designed to determine the effects of mean particle size and have not been designed to address the effects of variation of particle size within that mean. Furthermore, if uniformity of particles affects growth performance and nutrient digestibility, then the type of mill used to grind the grain becomes important because some mills (e.g., roller mills vs hammermills) process grains to more uniform particle sizes than others (Lawrence, 1970; Wu and Fuller, 1974) .
The experiments reported herein were designed to determine the effects of particle size uniformity and milling with a hammermill or roller mill on growth performance, stomach morphology, apparent nutrient digestibility, and fecal excretion of DM and N in finishing pigs.
Materials and Methods
Experiment 1. One hundred twenty crossbred (Yorkshire x Duroc x Hampshire x Chester White in a four-way rotational cross) finishing pigs (47.8 kg average initial BW) were used to determine the effects of uniformity of particle size on growth performance, backfat thickness, stomach morphology, apparent nutrient digestibility, and excretion of nutrients in the feces. The pigs were allotted to dietary treatments on the basis of weight, sex, and ancestry. They were housed in a modified-open-front building ( 15 pens of four barrows and four gilts), with 50% solid-concrete and 50% concrete-slab flooring, and five pens per treatment. Each pen (1.8 m x 4.9 m ) had a two-hole self-feeder and a nipple waterer to allow ad libitum consumption of feed and water.
Corn was ground to a mean particle size ( dw) of 850 pm, with uniformity of particle size (i.e., log normal standard deviation of the mean, sw) treatments of 2.7, 2.3, and 2.0. For the minimum s, treatment, a three-high roller mill ( l : l , 1.5:1, and 1.5: 1 differential drives; 3.2, 4.7, and 6.3 corrugations per centimeter; and 0, 8.3, and 8.3 cm of spiral per meter of roller, Model K, Roskamp Manufacturing, Cedar Falls, IA) was used to mill the corn. The corn was milled through a hammermill with screen openings of 6.4 mm (P-240D Pulverator, Jacobson Machine Works, Minneapolis, MN) to yield the intermediate sgw treatment. For the high S, treatment, finely ground corn (ground through a 1.6-mm screen, d, of 406 pm and S, of 1.8) was blended with coarsely rolled corn (d, of 2,198 pm and S, of 2.0) until the desired mean particle, size (i.e., 850 pm) was achieved. The final blend was a 4d:60 ratio of coarsely rolled corn and finely ground corn. The corn used in all experiments was mill-run, No. 2, yellow dent corn. Proximate analysis of the corn used in Exp. 1 indicated 10.8% moisture, 8.7% CP, 3% ether extract, 1.2% ash, 2.2% crude fiber, and 74.1% nitrogen free extract. To obtain representative samples, four samples (approximately 100 g each) of the grain and diet treatments were collected each of the 16 times feed was made. Fifty grams from each of the resulting 64 samples was pooled within treatment, thoroughly mixed, and particle size, particle size uniformity, and surface area of the grains and diets determined with 100-g samples (ASAE, 1983) . After mixing, the diets were transferred to paper bags (23-kg capacity) to facilitate handling and avoid segregation that could possibly occur in bulk-handling systems. The cornsoybean meal basal diet (Table 1) was fed in meal form and formulated to .65% lysine, .65% Ca, 5 5 % P, and 3.44 Mcal of DE/kg and to meet or exceed National Research Council (NRC, 1988) recommendations for all nutrient concentrations. Pigs and feeders were weighed at initiation and conclusion of the growth assay to determine ADG, ADFI, and gaidfeed. Seven weeks after initiation of the experiment, a batch of feed was mixed with .2% Cr2O3 added to the formulation as an indigestible marker. On d 57, the pigs were scanned ultrasonically (731A Scanoprobe, Ithaco, Ithaca, NY) for fat thickness at the last rib, and all barrows were slaughtered at a commercial processing plant. Fifty of the possible 60 digestive tracts were recovered, the stomachs were removed, and 50 to 100 g of feces was collected from the rectums. The stomachs were scored for severity of esophagogastric ulcers and keratinization (Muggenburg et al., 1964) . The scoring system used for ulcers was 1 = normal, 2 = erosions, 3 = ulcers, and 4 = severe ulcers. The scoring system used for keratinization was 1 = normal, 2 = mild keratosis, 3 = moderate keratosis, and 4 = severe keratosis. The fecal samples were freeze-dried and pooled within pen on an equal weight basis. Concentrations of Cr (Williams et al., 19621, DM, N, and GE (AOAC, 1990) in the feces and diets were determined to allow calculation of apparent digestibilities of DM, N, and GE using the indirect ratio method (Maynard et al., 1979) . Disappearance of these three chemical components of the diets was used to indicate apparent digestibility of total nutrients (DM), protein ( N ) , and energy substrates (GE). Intakes of digestible DM, N, and GE were calculated by multiplying daily intakes by their respective apparent digestibilities. The portion of intake not digested was reported as fecal excretion.
Data were analyzed as a randomized complete block design using the GLM procedure of SAS (1985) , with weight block and S , treatment as defined sources of variation and pen as the experimental unit.
Because the stomach scores were categorical data, they were subjected to square root transformation (Steel and Torrie, 1980) before statistical analyses. Polynomial regression (Peterson, 1985) was used to determine linear and quadratic effects of particle size uniformity on the response criteria.
Experiment 2. One hundred twenty-eight crossbred (Yorkshire x Duroc x Hampshire x Chester White) finishing pigs ( 5 5 . 3 kg average initial BW) were used to determine the effects of mill type (hammermill vs roller mill) and particle size (800 vs 400 pm) on grain milling, growth performance, and nutrient utilization. The pigs were allotted to dietary treatments on the basis of weight, sex, and ancestry. Housing and management were the same as described for Exp. 1, with the exceptions that 16 pens were used, and each pen had five barrows and three gilts. Corn was ground in the 30-horsepower hammermill used in Exp. 1, equipped with screens having openings of 9.5 and 1.6 mm for the 800-and 400-pm treatments, respectively. Corn also was milled in a roller mill (three high; 1:1, 1.5:1, and 1.5:l differential drives; 2.4:2.4, 3.9:4.7, and 6.3:7.1 corrugations per centimeter for the fast:slow rolls; and 8.3 cm of spiral per meter of roller; Model K, Roskamp Manufacturing) to the same particle sizes. The roller mill had a 10-horsepower motor driving the top two rollers and a 5-horsepower motor driving the bottom roller. The bottom roller was used only when milling the corn to the 400-pm particle size. Proximate analysis of the corn indicated 11% moisture, 8.8% CP, 2.7% ether extract, 1.4% ash, 2% crude fiber, and 74.1% nitrogen free extract. Particle size, particle size uniformity, and surface area of the grains and diets were determined as in Exp. 1. The motor load of the hammermill and roller mill were held constant at 70% of capacity during milling so that production rate and electrical energy consumption could be measured. The production rate was determined using the kilograms of ground product produced for the time of milling, and expressed in tons per hour. The production rate was divided by the horsepower of the grinder motor used during the milling, and to yield a measurement, in kilograms, of ground product produced per horsepower hour. Electrical energy consumption for grinding was measured using an ampholt meter. Grinding eficiency was determined by dividing power usage by production rate to yield a measurement in kilowatt hours per ton of ground product. The basal diet was the same corn-soybean meal-based diet used in Exp. 1. All diets were fed in meal form. Pigs and feeders were weighed at initiation and conclusion of the growth assay to determine ADG, ADFI, and gaidfeed. Six weeks after initiation of the experiment, Cr203 was added to the diets (.20%) as an indigestible marker. After a 5-d adjustment period, grab samples of feces were collected from two barrows and two gilts in each pen. The fecal samples were freeze-dried and pooled within pen on an equal weight basis. Concentrations of Cr (Williams et al., 19621, DM, N, and GE (AOAC, 1990) in the feces and diets were determined to allow calculation of apparent digestibilities of DM, N, and GE using the indirect ratio method. Intakes of digestible DM, N, and GE and fecal excretion of DM and N were calculated as in Exp.
1.
When the pigs in a pen reached a n average BW of 113 kg, the entire weight block was removed from the growth assay. One block reached the end weight on d 54, two blocks on d 60, and the last block on d 67 of the experiment. Data were analyzed as a randomized complete block design with a 2 x 2 factorial arrangement of treatments, using the GLM procedure of SAS (1985) and weight block and treatment as defined sources of variation. Pen was the experimental unit for all analyses.
Experiment 3. One hundred twenty-eight crossbred (Yorkshire x Duroc x Hampshire x Chester White) finishing pigs (67.3 kg average initial BW) were used to determine the effects of mill type and diet form on grain milling, growth performance, stomach morphology, and nutrient utilization. The pigs were allotted to dietary treatments on the basis of weight, sex, and ancestry. Housing and management were the same as described for Exp. 2 with four barrows and four gilts per pen. Corn was milled t o 450 pm using the hammermill and roller mill described in Exp. 1 and incorporated into the same corn-soybean meal-based diet used in the first two experiments. Milling efficiencies were determined as in Exp. 2. Proximate analysis of the corn indicated 11.5% moisture, 8.3% CP, 3.4% ether extract, 1.3% ash, 1.8% crude fiber, and 73.7% nitrogen free extract. The diets were fed in meal and pelleted forms. The pelleted diets were processed with a 30-horsepower pellet mill (30 HD Master Model, California Pellet Mill, San Francisco, CA) using a 38-mm thick die with 4.8-mm diameter holes. Steam was used before pelleting t o condition the diets to 75°C. Pellet durability was determined 30 min after pelleting with 500 g of cold pellets (ASAE, 1987). Particle size, particle size uniformity, and surface area of the grains and diets were determined as in Exp. 1 and 2.
Pigs and feeders were weighed at initiation and conclusion of the growth assay t o determine ADG, ADFI, and gaidfeed. Apparent digestibilities of DM, N, and GE and fecal excretion of DM and N were determined as described for Exp. 2. When the pigs in a pen reached an average BW of 113 kg, the entire weight block was removed from the growth assay and the barrows were slaughtered. Two blocks reached the end weight on d 56 and two blocks on d 62 of the experiment. Stomachs were collected and scored for ulcers and keratinization as in Exp. 1. Data were analyzed as a randomized complete block design with a 2 x 2 factorial arrangement of treatments, using the GLM procedure of SAS (1985) and weight block and treatment as defined sources of variation. Stomach scores were subjected to square root transformation before statistical analyses. Pen was the experimental unit for all analyses.
Results and Discussion
Experiment 1. To avoid the confounding effects of different particle sizes, care was taken to ensure that the mean particle size of the corn for each treatment (1983) . dValues are the grams of a 100-g sample retained on top of sieves after 10 min of shaking on a Ro-TapB shaker (W. S. Tyler, Mentor, OH).
was close (within 18 pm) to the targeted particle size of 850 pm (Table 2 ). Surface area of the milled corn decreased from 86.8 to 69.9 cm2/g as S , was decreased from 2.7 to 2.0. This can be attributed t o the fact that, as particle size is reduced, surface area increases dramatically, and the corn treatment with a sm of 2.7 had 45% of its particles pass through a screen with 595-pm openings, whereas the corn treatments with sgw of 2.3 and 2.0 had 35 and 24%, respectively, of their particles pass through the same screen. The values for d, ,
and surface area were slightly different for the complete diets than for the milled grains because of other ingredients. Nonetheless, the particle sizes of the complete diets were within 24 pm of one another, the S , ranged from 2.5 to 2.0, and surface area was still greatest for the least uniform diet.
Average daily gain, ADFI, gaidfeed, and fat thickness (Table 3 j were not affected by uniformity of particle size ( P > .11). The pigs gained an average of 834 g/d and consumed 2,952 g of feedd with 283 g of gainkg of feed consumed. The pigs had an average of 28.0 mm of backfat thickness at the last rib with a final weight of 95.4 kg.
Several investigators have reported that mean particle size of the diet affects gastric lesions in finishing pigs (Flatlandsmo and Slagsvold, 1971; Hedde et al., 1985; Wondra et al., 1995a,b) . Others have suggested that small particle size increases fluidity of stomach contents and increases the concentration of pepsin in stomach digesta (Reimann et al., 1968; Maxwell et al., 1970 Maxwell et al., , 1972 . Our data indicated that, as sq of the corn was increased, the amounts of small particles increased. Thus, a diet with a greater S , could be more ulcerogenic than a diet with a lower S , , even if they had the same mean particle size. Our data indicated no differences in stomach lesions for pigs fed the three S , treatments ( P .30); only 2 of the 50 stomachs had ulcers. However, a trend ( P < .08) was observed for decreased keratinization as sm of the diet was decreased. Keratinization is an indicator of irritation to the esophageal mucosa and is thought to be an initial step in development of ulcers (Muggenburg et al., 1964) .
Intakes of DM, N, and GE followed similar trends to that of ADFI; intakes were similar among pigs fed the sW treatments, with only a trend ( P < . l o ) for greater N intake as S , was decreased from 2.7 to 2.0. Decreasing the variation in particle size increased apparent digestibilities of DM (quadratic trend, P < .06; linear effect, P < .004j, N (linear effect, P < .OOl>, and GE (quadratic effect, P < .03) by 4, 8, and 474 NS aContrasts were 1) particle size uniformity linear and 2 ) particle size uniformity quadratic.
bA total of 120 pigs (eight pigsipen and five pensitreatment) with an average initial BW of 47.8 kg and an average final BW of 95.4 kg that 'A total of 50 stomachs were collected. dScoring system was 1 = normal, 2 = erosions, 3 = ulcers, and 4 = severe ulcers. eScoring system was 1 = normal, 2 = mild, 3 = moderate, and 4 = severe. fA total of 50 pigs. gNS indicates P > .15.
were scanned ultrasonically at the last rib.
respectively. Diet sp usually decreases as grain is processed through a roller mill or ground to small particle sizes in a roller mill or hammermill. This has implications for mill type and suggests that part of the improved apparent nutrient digestibility attributed to reduced mean particle size should be attributed t o the greater uniformity of grains milled to smaller particle sizes. Decreasing the variation in particle size increased intake of digestible DM (linear effect, P < .02), N (linear effect, P < .006), and GE (linear effect, P < ,031 and reduced the excretion of DM (linear trend, P < .07) and N (linear effect, P < .01) in the feces by 10 and 17%, respectively. Excessive nutrient excretions from animals in regions of intensive animal production are causing problems for the environment; in fact, some countries in Europe already have limited animal production because of the excretion of N and P (Aumuller, 199 1) . Therefore, any grain processing technique that reduces nutrient excretion has value to the swine industry.
Experiment 2. Results from Exp. 1 indicated that although growth performance was not affected, nutrient digestibility increased as sp was reduced in corn ground to approximately 850 pm and especially as sgw was reduced from 2.3 (prepared with a hammermill) to 2.0 (prepared with a roller mill). Thus, the second experiment was designed to verify that effect, and also to determine whether the advantages in nutrient utilization with roller-milled corn were still present a t small particle sizes for which differences in sW would be minimal. The particle sizes of the ground grains were within 26 pm of the targeted particle sizes (Table 4) . Reducing particle size decreased S , and increased surface area of the ground grain from 77.8 to 130.1 cm2/g. Also, energy required for grinding was increased and production rate was decreased as particle size was reduced. Less energy (i.e., kilowatt hours per ton) was required to mill corn in the roller mill. Production rates were less for the roller mill than the hammermill because the hammermill had larger capacity; however, standardized production rates, which express production rate in kilograms per horsepower hour, were greater for the roller mill, especially at the larger particle size. Changes in d, , sm, and surface area of the diets were similar to those observed for the milled corn, which was expected because corn was approximately 83% of the diet. No interactions occurred among mill type and particle size for growth performance or nutrient intake of the finishing pigs (Table 5) . Also, the main effect of mill type did not affect ( P > .40) growth performance or nutrient intake. Ohh et al. ( 1983) compared the nutritional value of corn and sorghum grain processed with a hammermill or roller mill to coarse and fine particle sizes in nursery pigs and reported no effect of mill type on growth performance or nutrient digestibility. However, Reece et al. (1985) fed corn ground in a hammermill (814-pm mean particle size with a standard deviation of 2.35) and roller mill (1,343-pm mean particle size with a standard deviation of 2.23) to broiler chicks and reported increased rate and efficiency of gain during the first 21 d of the experiment with corn milled in a roller mill, even though it had a larger mean particle size. In our experiment, pigs fed the 400-pm treatments consumed less feed and, thus, less DM, N, and GE than pigs fed the 800-pm treatments ( P < .O 1). Gaidfeed was 7% greater for pigs fed the 400-pm treatments ( P < .004). This improved gaidfeed as particle size was reduced is in agreement with the responses reported by Ohh et al. (19831, Giesemann et al. (1990) , and Wondra et al. (199513) .
Apparent digestibilities of DM ( P < .OOl), N ( P < .008), and GE ( P < .001) were greater for diets with Table 5 . Effects of mill type and particle size on growth performance and apparent digestibility, intake, and excretion of nutrients in finishing pigs (Exp. .04 NS aContrasts were l ) hammermill vs roller mill, 2) 800 vs 400 pm, and 3) hammermill vs roller mill x 800 vs 400 pm. bA total of 128 pigs (eight pigsipen and four pensitreatment) with an average initial BW of 55.3 kg and an avg final BW of 112.1 kg.
CA total of 64 pigs (four pigdpen and four penshreatment).
dNS indicates P > .15.
roller milled corn than for diets with hammermilled corn and greater ( P < .OO 1) for corn ground to 400 vs 800 pm. However, the effects of mill type and particle size were not independent. Digestibilities were much lower for the diet with corn ground to 800 pm in the hammermill than for diets with corn ground in the roller mill, resulting in a mill type x particle size interaction for DM ( P < .006) and GE ( P < .01) digestibilities and, thus, similar trends ( P < .07) for intakes of digestible DM and GE. This response is in agreement with results from Exp. 1, because the treatment with the greatest sm (hammermilled to 800 pm) had the lowest apparent nutrient digestibilities. However, the advantage in apparent nutrient digestibility for corn ground in the roller mill was less pronounced at 400 pm, a t which point the corn ground in the hammermill actually had a slightly lower sgw. This suggested a mill-type effect separate from the sm effect, albeit less pronounced. Reece et al. (1985) described particles of hammermilled corn as more spherical in shape with more uniform edges than particles of roller-milled corn. The spherical shape would reduce susceptibility t o attack by enzymes, thus, decreasing digestibility of nutrients in hammermilled corn.
Intake of digestible N was increased by 5% ( P < .03) and excretions of DM ( P < .001) and N ( P < .03) in the feces were decreased 19 and 12%, respectively, when corn was ground in the roller mill vs the hammermill. Intake of digestible DM was decreased ( P < .05) when particle size was decreased from 800 t o 400 pm. Although there was a trend for intake of digestible N to increase, fecal excretions of DM and N were reduced by 19 and 32% when particle size was decreased from 800 to 400 p m ( P .001). It should be noted, however, that the effects of mill type and particle size on excretion of DM were not independent (mill type x particle size interaction, P < .04); the improvement was markedly greater when particle size was decreased in the hammermill than in the roller mill.
Experiment 3. Results from Exp. 2 indicated that mill type affected nutrient utilization, but primarily at mean particle sizes of 800 pm, at which point the differences could be explained by reduced variation in particle size. However, roller-milled corn at particle sizes of 400 pm still had an advantage, despite its greater sm. Thus, a third experiment was designed to verify the responses to mill type at small particle sizes observed in Exp. 2 and t o determine whether the trend for improved stomach morphology with roller-milled corn observed in Exp. 1, at particle sizes of approximately 850 pm would be more pronounced at a small particle size and in pelleted form. Particle sizes of the hammermilled and roller-milled corn were within 14 pm of one another (Table 6 ). The sm of hammermilled corn was smaller than that of roller-milled corn (1.8 vs 2.0, respectively), but surface area vaned by only 1 cm2/g. Characteristics of the complete diets varied only slightly from those of 'ASAE (1983) . dASAE: (1987) .
the grains. The roller mill processed the corn with greater efficiency than the hammermill (14.6 vs 15.3 k W t , respectively), and greater production rate per horsepower hour (70.0 vs 60.0 kg/Hph). Pellet durability was slightly greater for the diets with rollermilled corn vs those with hammermilled corn (94 vs 91%, respectively), although both pellet durabilities would be considered acceptable by industry standards.
No interactions occurred ( P > .20) among mill type and diet form for growth performance (Table 7) . Mill type did not affect ADG or ADFI ( P > . E ) , but did affect gaidfeed ( P < .05); pigs fed the roller mill treatments were 5% more effkient than pigs fed the hammermill treatments. Pelleting increased ADG by 9% ( P < .003) and gaidfeed by 5% ( P < .03), but did not affect ADFI ( P > .20).
Pigs fed the diets with roller-milled corn had lower ulcer scores than pigs fed diets with hammermilled corn ( P < .04). Twenty-two of the 32 pigs given the roller-milled treatments had normal stomachs and only two had ulcers or severe ulcers. In comparison, only 13 of the 32 pigs given hammermilled treatments had normal stomachs and seven had ulcers or severe ulcers. Mill type did not significantly affect keratinization scores ( P > .l l), yet more pigs had normal keratinization scores ( 9 vs 4 ) and fewer severe keratinization scores ( 3 vs 12) when fed roller-milled corn compared with those fed hammermilled corn. However, the hammermilled corn had smaller sm than the roller-milled corn; thus, our results indicated that esophagogastric ulcers are not affected only by sm, as suggested in Exp. 1, but also by the mill type used to grind the corn.
Pelleting increased the severity of ulcers ( P .04).
Other researchers have reported that feeding pelleted diets or pelleted diets that were reground increased the incidence of ulcers in pigs (Chamberlain et al., 1967; Pocock et al., 1969; Flatlandsmo and Slagsvold, 1971) . However, no data were found that addressed the effects of mill type used to grind the grain before pelleting. Our results indicate that, at a mean grain particle size of 400 pm, mill type did not prevent pelleting from increasing the incidence of ulcers (i.e., no mill type x diet form interaction, P > .70). However, the mean score for the pelleted diet with roller-milled corn was still no greater than the mean score for the meal diet with hammermilled corn, and lower than the pelleted diet with hammermilled corn.
Mill type and diet form did not affect intake of DM, N, or GE ( P > . l 3 1. However, in contrast with the results from Exp. 2, in this experiment the diets with hammermilled corn had greater apparent digestibilities of DM ( P < .007) and N ( P < ,021 than the diets with roller-milled corn. Mill type did not affect the daily intake of digestible DM, N, or GE ( P > .15), but the daily excretions of DM ( P < .02) and N ( P < .09)
in the feces of pigs fed diets with hammermilled corn were reduced by 14 and 796, respectively, compared with those of pigs fed diets with roller-milled corn. Pelleting did not affect apparent digestibilities of DM, N, or GE ( P > .30). The reason for the lack of response to pelleting in this experiment is unclear, especially compared with other data from our laboratory (Wondra et al., 199513) that indicated 3 to 5% improvements in nutrient digestibilities for the pelleted form of a similar diet with corn ground to 400 pm. Seerley et al. (1962) and Skoch et al. (1983) also reported increased digestibility of nutrients in pelleted diets.
In conclusion, results of these three experiments indicated that apparent digestibilities of DM, N, and GE were increased as sgw was decreased; thus, at the coarser grinds, mill type affected nutrient digestibilities by decreasing S*. Our data for fine-grinding were less conclusive, showing an advantage for roller-milled corn in Exp. 2 and an advantage for hammermilled corn in Exp. 3.
Implications
Increased particle size uniformity and(or) using a roller mill to grind grain improved apparent nutrient digestibility in diets and decreased undesirable changes in stomach morphology. Further research is warranted to verify these responses in swine herds having problems with high incidence of stomach lesions. Finally, it is dificult to attribute the benefits in apparent nutrient digestibility from fine grinding of cereal grains to decreased mean particle size alone, because increased uniformity of particle size is related to decreased mean particle size. aContrasts were 1) hammermill vs roller mill, 2 ) pellet vs meal, and 3) hammermill vs roller mill x pellet vs meal. bA total of 128 pigs (eight pigs/pen and four pendtreatment) with an average initial BW of 67.3 kg and an avg final BW of 117.4 kg. CA total of 64 pigs (four pigs/pen and four pendtreatment).
dScoring system was 1 = normal, 2 = erosions, 3 = ulcers, and 4 = severe ulcers. eScoring system was 1 = normal, 2 = mild, 3 = moderate, and 4 = severe.
fNS indicates P > .15.
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